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摘  要 
摘  要 
BaP 在海洋鱼类体内代谢转化机制的研究一直是生态毒理学研究的热点和
难点之一。本研究采用化学、生态毒理学和生物化学相结合的方法，通过分析
黑鲷生物标志物（肝脏 EROD、GST 活性和肝脏中 BaP 的蓄积浓度以及胆汁中
BaP 代谢产物 3-OH BaP 浓度）的变化，研究 BaP 对黑鲷产生的生物效应，并
初步探讨 BaP 在黑鲷体内的代谢转化机制；现场实验比较研究了具有不同生活
习性和食性的两种鱼－黑鲷和黄斑篮子鱼对 BaP 胁迫的反应情况，探讨了养殖
鱼类对 BaP 污染的生物指示作用。取得如下的成果： 
1. 黑鲷暴露较低浓度 BaP (0.5µg/L 和 1.0µg/L)时：在暴露期间，黑鲷肝脏
EROD 活性随肝脏中 BaP 的蓄积浓度不断增加而不断被诱导，在暴露 2d 后达到
最高值，然后有下降的变化趋势，两者间的变化具有显著的正相关性；而 GST
活性在暴露期间变化不大，胆汁中 3-OH BaP 浓度在暴露早期变化不大，但在后
期有逐渐增加的趋势。表明鱼体暴露较低浓度时，肝脏 CYP1A 反应被不断的激
活，并起到解毒作用，防止了过度的基因毒性发生。 
2. 黑鲷暴露较高浓度 BaP (2.0µg/L 和 5.0µg/L)时：黑鲷肝脏中 BaP 蓄积浓
度急剧升高，在 12h 达到峰值，然后有不断下降的趋势，而此时 3-OH BaP 的浓
度却急剧升高，在 4－7d 达到峰值；EROD 和 GST 均被显著诱导，EROD 活性
被极显著诱导的时间提前于低浓度暴露，但暴露 2d 和 7d 后 GST 与 EROD 活性
呈不断下降的变化趋势。这表明黑鲷高浓度 BaP 的暴露和蓄积可以提高肝脏对
BaP 的代谢转化率，但肝脏 CYP1A 受到高浓度 BaP 和其代谢产物刺激时，高浓
度化合物对酶的毒性作用会导致活性降低，造成肝脏受到一定程度的损伤。 
3. 黑鲷 BaP 暴露后的净化实验表明，本次实验的暴露浓度没有超出严重损
伤黑鲷自身恢复能力的浓度范围；也说明鱼体被低浓度 BaP 污染后，通过净化、
自身调节和修复，MFO 系统可基本恢复至正常水平。 
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               Abstract  
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitoust pollutants in the 
marine environment and many PAHs are carcinogenic and mutagenic. The research 
on the metabolic mechanism of Benzo(a)pyrene (BaP) in marine fish is one of the 
hotspots and difficulties in the ecotoxicological research area. This study integrated 
the chemical, ecotoxicological and biochemical methods to discuss the mechanism of 
metabolism and biotransformation of black porgy (Sparus macrocephalus) exposed 
to BaP primarily. Meanwhile, field experimental study has been done to investigate 
the different susceptibility between black porgy and siganussp (Siganus oramin) with 
different living habits and feeding habits.The following results were obtained: 
1. Exposed to the lower BaP concentration (0.5µg/L and 1.0µg/L), it was found 
that the hepatic EROD activities were induced simultaneously with the increase of 
the accumulation of BaP in liver, which showed a significant positive correlation. But 
the hepatic GST activities had no significant change during exposure period. The 
concentrations of 3-OH BaP in bile had no significant variation in the early exposure 
period, significant variations were found after 7days expsoure.The results indicated 
the hepatic CYP1A enzymes were induced in the metabolic process of BaP and 
developed the detoxicification effect on BaP, consequently, kept from the genotoxicity 
occurring. 
2. Exposed to the higher BaP concentration (2.0µg/L and 5.0µg/L) , Black 
Porgy showed a rapid increase on the accumulation of BaP in the liver, reached the 
peak after 12h exposure, and then it decreased gradually. Meanwhile, the 
concentrations of 3-OH BaP increased rapidly and reached its peak after 4-7d 
exposure. And the strong significant induction of EROD activities was found at the 
12h exposure. This indicated that the bioaccumulation under the high concentration 
exposure could enhance the rate of BaP biotransformation in liver. However, the high 















which would cause lesions in fish.  
 3. The 7-day depuration experiment indicated , the exposure concentrations of 
this study did not exceed to the concentration of the self-recovery capability of black 
porgy, which demonstrated that the fish possesses a high capability to eliminate of 
BaP and a strong self-regulation ability at the lower BaP exposure. 
4. The field study on black porgy and Siganussp showed that there was different 
susceptibility in the metabolic of BaP. The hepatic EROD activities and 
concentrations of 3-OH BaP in the bile of Black porgy were suitable to indicate BaP 
pollution in the marine environment rather than Siganussp.   
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AHH 芳香烃羟基化酶 Arylhydrocarbon hydroxylase 
BaM 生物富集监测 Bioaccumulation monitoring 
BeM 生物效应监测 Biological effects monitoring 
BaP 苯并(a)芘 Benzo(a)Pyrene 
CM 化学监测 Chemical monitoring 
CYP450 细胞色素 P450 Cytochrome P450 
DD 二氢二醇脱氢酶 Dihydrodiol dehydrogenase 
EH 环氧化物水解酶 Epoxide hydrolase 
EROD 7-乙氧基异吩恶唑酮-脱
乙基酶 Ethoxyresorufin-O-deethylase 
GSH 还原型谷胱甘肽 Reduced glutathione 
GST 谷胱甘肽硫转移酶 Glutathine S-transfereases 
HCHs 六六六 Hexachlorocyclohexane 
MFO 混合功能氧化酶 Mixed-function oxidase 
OX 氧化 Oxidation 
PAHs 多环芳烃 Polycyclic aromatic hydrocarbons 
PCBs 多氯联苯 Polychlorinated biphenyls 
PHS 前列腺 H 合成酶 Prostaglandin H synthase 
POPs 持久性有机污染物 Persistant organic pollutants 
RED 还原 Reduction 
SOD 超氧化物歧化酶 Superoxide dismutase 
UDPGTs 尿苷二磷酸葡萄糖醛酸
基转移酶系 UDP-glucuronyl transferases 
Phen 菲 Phenanthrene 
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第一章 绪  论 
第一章 绪  论 
                                前   言 
 










































物质名称 致癌活性 物质名称 致癌活性 
萘 - 苯并（a）芘 ++++ 
苊 - 苯并（e）芘 - 
芴 - 苯并（k）荧蒽 ++ 
蒽 - 苝 - 
芘 - 苯并（g,h,i）苝 ++ 
荧蒽 + 晕苯 - 
苯并（a）蒽 -/+ 茚并（1,2,3-c,d）芘 * 












第一节 涉及 BaP 代谢转化机制研究的几种生物标志物研究进展 
1.1 7-乙氧基-3-异吩噁唑酮-脱乙氧基酶（EROD）研究进展 
细胞色素P450（Cytochrome P-450，CYP450）是广泛分布于动物、植物和
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